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[57] ABSTRACT

A multi-chip packaging arrangement that contemplates
stacking discrete components over film based components 1s
disclosed. The multi-chip package includes a substrate hav-
ing one or more film based components formed thereon. A
discrete component is mounted on the substrate over the film
based component such that it is electrically isolated from the
film based component. One or more die components are also
mounted on the substrate and a plurality of leads are
provided for electrically connecting the multi-chip package
to external circuitry. Wiring traces formed on the substrate
are provided to electrically connect various ones of the
components and the leads. A packaging material is provided
to encapsulate the components and the wiring traces and
leaves a portion of the leads exposed to facilitate electrically

connecting the multi-chip package to external circuitry.
Methods of making such multi-chip packages are also
disclosed.

20 Claims, 6 Drawing Sheets
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COMPONENT STACKING IN MULTI-CHIP
SEMICONDUCTOR PACKAGES

This is a continuation of application Ser. No. 08/295,982
filed Aug. 25, 1994, now abandoned.

FIELD OF THE INVENTION

The present invention relates generally to the packaging
of multi-chip semiconductor devices. More particularly, an

arrangement and method for stacking discrete components
over film based component is described.

BACKGROUND OF THE INVENTION

In the semiconductor industry, there are continuing efforts
to increase the functiomality of various products while
reducing costs and (when appropriate) reducing the size of
the packaged products. These efforts have lead to the
increased usage of multi-chip packages (MCPs) which
include a plurality of integrated circuits in a single package,
multi-chip modules (MCMs) which include a plurality of
integrated circuits in a single module, hybrid packages
which incorporate other components such as resistors,
capacitors, inductors and crystals mto a package together
with one or more integrated circuits, and multi-component
packages which include a plurality of components in a single
package. Although there is no consistent terminology in the
art, the term “multi-chip package” appears to be the most
accepted and will be used herein to refer to each of these

types of packages, regardless of the number of chips that the
package actually houses.

A representative multi-chip package is diagrammatically
illustrated in FIG. 1. As seen therein, the multi-chip package
110 includes a substrate 112 that supports a plurality of dies
114, a plurality of film based components 116 (which in the

embodiment shown are printed resistors), and a plurality of
discrete components 118 (which in the embodiment shown
are capacitors). A lead frame 120 with leads 121 is provided
to electrically couple the devices to external circuitry and
wiring traces 123 are arranged to electrically couple the
various associated components together and to associated
lead frame leads. Further landing 125 may be provided to
support the discrete components and electrically connect the
discrete components. The dies may be connected to their
associated traces or leads by wire bonding. When connecting
bonding wires to traces, the traces are often gold plated to
facilitate better bonding. Although this type of packaging
has worked well to date, there are continuing etforts to
increase the density of components on a designated amount
of package substrate “real estate” in a cost effective manner.

SUMMARY OF THE INVENTION

Accordingly, in order to further facilitate the space effi-
cient packaging of various components in a multi-chip
package and in accordance with the purpose of the present
invention, a multi-chip packaging arrangement that contem-
plates stacking discrete components over film based com-
ponents is disclosed. The multi-chip package includes a
substrate having one or more film based components formed
thereon. A discrete component is mounted on the substrate
over the film based component such that the discrete element
is electrically isolated from the film based component from
the discrete component. One or more die components are
also mounted on the substrate and a plurality of ieads are
provided for electrically connecting the multi-chip package
to external circuitry. Wiring traces formed on the substrate
are provided to electrically connect various ones of the
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components and the leads. A packaging material is provided
to encapsulate the components and the wiring traces and
leaves a portion of the leads exposed to facilitate electrically
connecting the multi-chip package to external circuitry.

In one embodiment, the electrical isolation may be
accomplished by leaving a gap between the discrete com-
ponent and the film based component during assembly.
When piastic molding encapsulation is used, the plastic
material may fill the gap during the encapsulation process.
When other packages are used, the gap may remain an air
gap. In another embodiment, a passivazation layer is formed
over at least the film based component(s) that is subjected to
stacking to electrically isolate the film based component
from the discrete component.

In one embodiment, the film based component(s) are
selected from a group consisting of a capacitor, a resistor,
and an inductor. The film based component(s) may be thick
film components formed by printing or thin film components
formed by deposition. In another embodiment, the discrete
component(s) are selected from a group consisting of a
capacitor, a resistor, an inductor and a crystal.

In a method aspect of the invention, wiring traces and the
film based component(s) are formed on the substrate. A
passivazation layer is then formed over at least the film
based component(s) that are intended for stacking. The die
component(s) and the discrete component(s) are then
mounted on the substrate. The discrete component(s)
intended for stacking are stacked over the film based com-

ponent after application of the passivazation layer such that
the passivazation layer electrically insulates the film based

component from the discrete component. The various com-

ponents and wiring traces are then encapsulated together

with a portion of any lead frame to form a multi-chip
semiconductor package.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with further objects and advan-
tages thereof, may best be understood by reference to the
following description taken in conjunction with the accom-
panying drawings in which:

FIG. 1 is a diagrammatic top plan view of a conventional -
multi-chip package layout.

FIG. 2 is a diagrammatic top plan view of a multi-chip
package layout that stacks components in accordance with
one embodiment of the present invention that is created
using the steps illustrated in FIGS. 3-6.

FIG. 3 is a diagrammatic top plan view illustrating traces
and landings applied to a substrate.

FIG. 4 is a diagrammatic top plan view illustrating the
layout of the substrate shown in FIG. 3 after printed com-
ponents have been applied thereto.

FIG. 5 is a diagrammatic top plan view illustrating the
layout of the substrate shown in FIG. 4 after wire bonding
and component landing have been applied thereto.

FIG. 6 is a diagrammatic top plan view illustrating the
layout of the substrate shown in FIG. § after dies have been
inserted into place and wire bonded to their associated traces
and the leads have been wire bonded to associated traces.

DETAILED DESCRIPTION OF THE
INVENTION

Referring initially to FIG. 2, a multi-chip package having
stacked components in accordance with one embodiment of
the present invention will be described. As seen therein, a
multi-chip package 10 includes a substrate 12 that supports
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a plurality of dies 14, a plurality of film based components
16, a plurality of discrete components 18, a lead frame 20
having leads 21, wiring traces 23 and landing 25. The
multi-chip package is arranged such that at least some of the
discrete components 18 are “stacked” over associated film
based components. A gap or a passivazation layer (not
shown) is provided between the stacked components in
order to electrically isolate the stacked components from one
another. In the embodiment shown, each of the discrete
components is stacked, although this is not a requirement. It
should be appreciated that the terms multi-chip packages,
multi-chip modules and multi-chip packages are often used
interchangeably in the trade, although they are not always
intended to be interchangeable. For the purposes of this
description, a “multi-chip” package will be considered any
package which includes both a die and a plurality of discrete

(non-die) electrical components such as resistors, capacitors,
inductors and crystals. In the embodiment shown, the multi-
chip package is also a multi-chip package since it has more
than one die, although this is not a requirement.

The substrate 12 may be formed from any suitable sub-
strate material including ceramic materials such as alumi-
num oXide and aluminum nitride or non-ceramic materials
such as silicon. The dies 14 are electrically coupled to
associated traces 23 or leads 21 by any suitable method. In
the embodiment shown, the connections are made using
bonding wires 33, although other conventional connection
techniques such a TAB (tape automated bonding) and others
could be used as well. The bonding wires 33 may also be
used to electrically connect various traces to their corre-
sponding leads. The bonding wires may be made from any
suitable material such as gold or aluminum. When gold is
used, it may be desirable to coat the associated traces 23 with
a gold film to facilitate better bonding. When other bonding
wires are used, other platings may be suitable.

The film based components 16 may be formed using any
conventional technique such as by printing or deposition.
Films that are applied using printing techniques are typically
referred to as “thick” films whereas films that are applied
using deposition techniques are typically referred to as
“thin” films. By way of example, when screen printing is
used as the film forming technique to form a resistor, a
resistive glass paste may be screened into place directly on
the substrate. When thin film techniques are used, the film
products are typically built into the substrate. A variety of
film based components may be formed using conventional
printing and deposition techniques. By way of example, the
most common are resistors, inductors and capacitors. In the
embodiment shown, the film based components 16 shown
are printed resistors. The discrete components 18 may take
the form of any suitable discrete component that is used in
a multi-chip circuit package. The most common discrete
components are capacitors, inductors, resistors and crystals.
In the embodiment shown, the discrete components are
capacitors. Although the embodiment shown includes a
plurality of dies, a plurality of film based components and a
plurality of stacked discrete components, the invention is
equally applicable to embodiments where there is just one of
any of these categories of components.

The electrical isolation of the film based component and
the discrete component may be accomplished in a variety of
manners. One simple approach is to apply a passivazation
layer therebetween. Another approach would be to leave an
air gap there between during mounting. When glob topping
or plastic encapsulation is used to protect the assembly, the
glob topping material or plastic may enter the air gap and
provide the necessary electrical isolation. Qtherwise, the air
gap can remain and provide good electrical isolation.
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The lead frame 20 has a plurality of isolated leads 21 that
are provided to electrically couple the devices in the multi-
chip circuit to external circuitry. The wiring traces 23 are
arranged to electrically couple various associated compo-
nents together and to electrically couple various components
to associated lead frame leads. The lead traces may be
formed in any conventional manner, as for example by
deposition of a conducting material on the surface of the
substrate 12. Suitable conducting materials include palla-
dium silver, platinum silver, gold and the like. The landing
25 are provided to support the discrete components and
electrically connect the discrete components to associated
traces and/or other components. Any suitable solder or
conductive epoxy may be used to secure the components to
their associated traces or substrate material.

In order to accommodate stacking, there are at least two
important issues that must be considered during the com-
ponent layout design process. First, the electrical connec-
tions between various components must be laid out such that
the landings and/or electrical connections for the stacked
components do not interfere with the stacked or adjacent
components. Second, it is important that any thermal issues
be dealt with so that heat generated by one or more of the
stacked components does not detrimentally affect the per-
formance of another of the stacked components and/or an
adjacent component. The advantage of stacking a discrete
component over a film based component in terms of space
savings for the overall package will be apparent to those
skilled in the art and can probably best be seen by comparing
FIGS. 1 and 2. By providing a more compact component

layout, the overall size of a given circuit design can be
reduced.

Referring next to FIGS. 3-6, one method of packaging a
multi-chip packaged semiconductor device in accordance
with the present invention will be described in more detail.
Referring initially to FIG. 3, a plurality of wiring traces 23
are initially deposited on a suitable substrate 12 using
conventional techniques such as screen printing or photo
lithography. When the traces must overlap, the traces may be
formed in a plurality of layers with one or more intermediate
passivazation layers 41 being formed between overlapping
traces (illustrated in FIG. 3 as lower trace 43 and upper trace
45 that are separated by passivazation layer 41). When
appropriate, die attach pads 26 can also be formed at the
same time from a similar material as the traces 23.

After the traces have been laid, the thick film based
components are applied by printing. In the embodiment
shown 1n FIG. 4, film based resistor areas 48 are formed by
screening resistive pastes onto the substrate 12. Different
resistive pastes can be used to form resistors having widely
varying resistances. After the resistors areas 48 have been
formed and fired, the resistor areas are trimmed in a con-
ventional manner to create resistors 16 having the desired
resistance. When thick film based capacitors or inductors are
formed, they may be screened on in a conventional manner
as well. When thin film processes are used, the deposition
may occur either before or after the trace forming steps.

As illustrated in FIG. 5, it may be desirable to apply gold
plating 24 either directly on the substrate or over appropriate
traces in the area(s) that will serve as wire bonding landings.
Additionally, landings 25 for the discrete components may
be formed in appropriate positions that overlap associated
traces, resistors or other components as necessary to form a
good electrical connection between the various landings and
any associated traces or other components using a conven-
tional landing forming technique. Suitable landing materials
25 include lead/tin solder, tin/silver solder and conductive



5,629,563

S

epoxics. By way of example, a metalization process may be
used to form the landings 25. Of course, the gold plating and
landing forming steps may, in alternative embodiments, be
carried out before the film based element forming step or
more preferably between a film based element forming step
and the trimming step. It is preferable to do the trimming
after the landing and connecting traces have been formed so
that the resistance of the resistors is not changed when the
landings and/or platings are applied. It should be appreciated
that the landings for stacked discrete elements must be laid
out so as not to intertere with the underlying film based
component. Thus, the landings would often be positioned
clear of the underlying film based component. However, in
some cases, the landings may be used as electrical connec-
tions for associated resistors as well.

After the resistive paste has been applied and fired, a
passivazation layer may be formed over at least the com-
ponents to be stacked in order to electrically isolate them
from the discrete components mounted thereon. However, a
more cost effective alternative is often to overglaze the entire
substrate after the traces, the landings. and film based
components have all been formed. The trimming of film
based resistors may be accomplished after the passivazation
step. In embodiments wherein a gap is provided to maintain
the electrical 1solation, the passivazation step is not required.

After the passivazation, the dies are adhered into place.
When die attach pads 26 are used, the dies may be attached
to their associated die attach pads. In embodiments where
the dies are to be attached directly to the substrate, a lead
frame or to some other part, they may be attached as
appropriate. After the dies have been attached, they are
clectrically coupled to their associated leads, traces and/or
other components. In the embodiment shown in FIG. 6, the
dies have been electrically coupled to their associated leads
and traces using bonding wires. Of course the electrical
connections can be made by mechanisms other than bonding
wires if desired for a particular application as discussed
above,

After the dies have been attached, the discrete compo-
nents are mounted on the board and attached to their
landings to produce a completed multi-chip package layout
as illustrated in FIG. 2. This may be done using conventional
soldering techniques. In other embodiments, the discrete
components may be attached using conventional laser weld-
ing techniques or clip sockets. The stacked discrete compo-
nents are mounted so that their electrical connections do not
interfere with the film based components positioned there-
under. In embodiments where a passivazation layer 1Is
provided, the discrete component may be placed directly on
top of the film based component with the passivazation layer
being position therebetween. In other embodiments, it will
be desirable to provide a gap between the film based

component and its stacked discrete component to electrically
isolate the two.

After all of the discrete components have been attached,
the multi-chip device is encapsulated by a package material
1n a conventional manner such that the various components,
bonding wires, traces and a portion of the leads are encap-
sulated. When appropriate, the substrate may form a part of
the package. In other embodiments, the substrate may be
encapsulated as well. The package may take any suitable
form, as for example a plastic package (oiten formed by
transfer molding), a ceramic package, a metal package and
composite packages that combine any of these.

Although a few embodiments of the present invention
have been described in detail, it should be understood that
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6

the present invention may be embodied in many other
specific forms without departing from the spirit or scope of
the invention. More particularly, the invention can be
applied to products wherein the film based components are
formed by either thin or thick film processes and can be
utilized regardless of the specific component forming pro-
cess used. In the embodiments described, specific materials
have been identified for use as many of the described
clements, however, it should be appreciated that the inven-
tion applies equally well to multi-chip packages using other
clements as well.

Further, in the embodiment shown, a single discrete
component is mounted over a single film based component.
From a cost standpoint, this is often an efficient approach.
However, 1t should be appreciated that a discrete component
could alternatively be mounted over a small stack of film
based components formed in a conventional manner.
Additionally, it should be appreciated that the order of the
steps in the described method of producing a multi-chip
package may in many cases be switched around to meet a
particular need. Therefore, the present examples are to be
considered as illustrative and not restrictive, and the inven-
tion is not to be limited to the details given herein, but may
be modified within the scope of the appended claims.

We claim:

1. A multi-chip package comprising:

a substrate,

a multiplicity of components including,

a film based component formed on the substrate,

a discrete component mounted on the substrate and
stacked over the film based component such that the
film based component is electrically insulated from
the stacked discrete component and the discrete
component and the film based component do not
electrically interfere with each others function, the
discrete components not being formed from a film
applied to the substrate, and

a die component mounted on the substrate;

a plurality of leads for electrically connecting the multi-
chip package to external circuitry, the leads being
electrically coupled to associated ones of said multi-
plicity of components;

a plurality of wiring traces formed on the substrate, the

wiring traces being arranged to electrically connect
- various ones of said multiplicity of components; and

a packaging material that encapsulates said multiplicity of
components and the wiring traces and leaves a portion
of the leads exposed to facilitate electrically connecting
the multi-chip package to external circuitry.

2. A multi-chip package as recited in claim 1 further
comprising a passivazation layer formed over the film based
component such that the passivazation layer electrically
isolates the film based component from the discrete com-
ponent.

3. A multi-chip package as recited in claim 1 wherein the
multiplicity of components further include:

a plurality of additional film based components formed on
the substrate; and

a plurality of additional discrete components mounted on
the substrate, the additional film based components and

the additional discrete components being electrically
coupled to associated ones of said multiplicity of

components and leads.
4. A multi-chip package as recited in claim 3 wherein the
multiplicity of components further include a plurality of
additional die components mounted on the substrate, the
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additional die components being electrically connected to
associated ones of said multiplicity of components and
leads.

S. A multi-chip package as recited in claim 3 wherein the
film based components are thick film components formed by
printing.

6. A multi-chip package as recited in claim 3 wherein the
film based components are thin film components formed by
deposition.

7. A multi-chip package as recited in claim 1 wherein the
film based component is selected from a group consisting of
a capacitor, a resistor, and an inductor.

8. A multi-chip package as recited in claim 1 wherein the
discrete component is selected from a group consisting of a
capacitor, a resistor, an inductor and a crystal.

9. A multi-chip package as recited in claim 1 wherein the
leads are part of a lead frame.

10. A multi-chip package as recited in claim 1 further
comprising landings for securing the discrete component to
the substrate and electrically connecting the discrete com-
ponent to an associated element selected from the group
consisting of associated traces and associated ones of said
multiplicity of components.

11. A multi-chip package comprising

a substrate,

a multiplicity of components including,

a film based component formed on the substrate,

a discrete component mounted on the substrate and
stacked over the film based component such that the
film based component is electrically insulated from
the stacked discrete component and the discrete
component and the film based component do not
interfere with each others function, the discrete com-
ponents not being formed from a film applied to the
substrate, and

a die component mounted on the substrate:

a plurality of leads for electrically connecting the multi-
chip package to external circuitry, the leads being
electrically coupled to associated ones of said multi-
plicity of components;

a plurality of wiring traces formed on the substrate, the

wiring traces being arranged to electrically connect
various ones of said multiplicity of components:

a packaging material that encapsulates said multiplicity of
components and the wiring traces and leaves a portion
of the leads exposed to facilitate electrically connecting
the multi-chip package to external circuitry; and

wherein a gap electrically isolates the film based compo-
nent from the discrete component.
12. A multi-chip package as recited in claim 11 wherein
the multiplicity of components further include:

a plurality of additional film based components formed on
the substrate; and

a plurality of additional discrete components mounted on
the substrate, the additional film based components and
the additional discrete components being electrically
coupled to associated ones of said multiplicity of
components and leads.

13. A multi-chip package as recited in claim 12 wherein

the multiplicity of components further include a plurality of
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additional die components mounted on the substrate, the
additional die components being electrically connected to
associated ones of said multiplicity of components and
leads.

14. A multi-chip package as recited in claim 12 wherein
the additional film based components are thick film com-
ponents formed by printing.

15. A multi-chip package as recited in claim 12 wherein
the additional film based components are thin film compo-
nents formed by deposition.

16. A multi-chip package as recited in claim 11 wherein
the film based component is selected from a group consist-
ing of a capacitor, a resistor, and an inductor.

17. A multi-chip package as recited in claim 11 wherein
the discrete component is selected from a group consisting
of a capacitor, a resistor, an inductor and a crystal.

18. A multi-chip package as recited in claim 11 wherein
the leads are part of a lead frame.

19. A multi-chip package as recited in claim 11 further
comprising landings for securing the discrete component to
the substrate and electrically connecting the discrete com-
ponent to an associated element selected from the group
consisting of associated traces and associated ones of said
multiplicity of components.

20. A multi-chip package comprising:

a substrate;

a multiplicity of components including a plurality of film

based components, a plurality of discrete components
and a plurality of die components,

the plurality of film based components being formed on
the substrate, the film based components being selected
from a group consisting of capacitors, resistors, and
inductors:

a passivazation layer formed over selected ones of said
film based components that are intended for stacking;

the plurality of discrete components being mounted on the
substrate, wherein selected ones of the discrete com-
ponents that are intended for stacking are stacked over
associated ones of the film based components such that
the passivazation layer electrically and functionally
isolates the associated film based components from the
selected ones of the discrete components, the discrete
components being selected from a group consisting of
capacitors, resistors, inductors and crystals;

the plurality of die components being mounted on the
substrate;

a plurality of leads for electrically connecting the multi-
chip package to external circuitry, the leads being
electrically coupled to associated ones of said multi-
plicity of components;

a plurality of wiring traces formed on the substrate, the
wiring traces being arranged to electrically connect
various associated ones of said multiplicity of compo-
nents; and

a packaging material that encapsulates said multiplicity of
components and the wiring traces and leaves a portion

of the leads exposed to facilitate electrically connecting
the multi-chip package.
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